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The Ion Channel-Kinase, TRPM7, is Required for Cardiac Automaticity
Rajan Sah1, Pietro Mesirca2, Xenos Mason1, Marjolein Van den Boogert1,
Christopher Bates-Withers1, Jonathan Rosen1, John Mably1,
Matteo Mangoni2, David E. Clapham1.
1Children’s Hospital/Harvard Medical School, Boston, MA, USA,
2Universite´s de Montpellier, Montpellier, France.
Sick sinus syndrome and atrioventricular block are common clinical problems,
often necessitating permanent pacemaker placement, yet the pathophysiology
of these conditions remains poorly understood. Here we show that Transient
Receptor Potential Melastatin 7 (TRPM7), a calcium-permeant channel-kinase
highly expressed in heart, is required for cardiac automaticity, sinoatrial node
(SAN) and atrioventricular node (AVN) function. We find larger TRPM7 cur-
rents in myocardial cells exhibiting automaticity such as embryonic ventricular
myocytes (EVM) and SAN cells, as compared to quiescent adult ventricular
myocytes. TRPM7 disruption in cultured EVM reduces spontaneous Ca2þ
transient firing rates, impairing automaticity in vitro. Likewise, morpholino
mediated TRPM7 knock-down in zebrafish embryo slows heart rate in vivo.
Cardiac-targeted TRPM7 deletion in mouse (KO) eliminates TRPM7 current
in SAN, inducing episodes of sinus pauses, AVN block and cardiomyopathy.
Freshly isolated SAN from KO mice exhibit diminished Ca2þ transient firing
rates and a blunted diastolic Ca2þ rise. Moreover, action potential firing rates
are diminished in KO SAN due to slower diastolic depolarization. Accordingly,
Hcn4 mRNA and the pacemaker current, If, are diminished in both SAN and
AVN fromKOmice. We conclude that TRPM7 both regulates Hcn4 expression
and provides a novel, previously unrecognized diastolic Ca2þ current at
hyperpolarized membrane potentials, each contributing to diastolic membrane
depolarization and myocardial automaticity in SAN and AVN.
Platform: Protein-Ligand Interactions
1942-Plat
Ligand Binding on Intrinsic Disordered Proteins: Focus on Human Alpha-
Synuclein
Giulia Rossetti1,2.
1John von Neumann Institut fu¨r Computing, Forschungszentrum Ju¨lich,
Juelich, Germany, 2Institute for Research in Biomedicine and Barcelona
Supercomputing Center Joint Research Program on Computational Biology,
Barcelona, Spain.
Intrinsically disordered proteins (IDPs) are involved in a wide variety of human
diseases (1). Hence, interfering with the function of IDP-disease-associated
proteins offers a highly attractive objective for drug development (2). Unfortu-
nately, rational approaches have been hampered so far because of variety of
problems absent in traditional drug design protocols. These issues include
the highly dynamic nature of IDPs (3), the presence of local and long-range
conformational rearrangements (4), transient secondary structure, transient
long-range tertiary structure (5, 6).
Here we present a combined NMR/molecular dynamics protocol that provides
quantitative information on ligand poses to IDPs. The approach is based on
a geometrical-based analysis of MD trajectory with a flexibility index able to
detect conformational transition of residues’ backbone (Caliandro, C, Rossetti,
G, Carloni, P, 2012 JCTC in press). The protocol is applied on dopamine in
complex with the naturally unfolded protein human a-synuclein. The proposed
protocol is very general and it could be used to investigate the pose of novel
molecules binding to any IDP.
1. Babu MM, et al. (2011). Current Opinion in Structural Biology 21(3):
432-440.
2. Uversky VN (2012). Expert opinion on drug discovery 7(6):475-488.
3. Choi UB, et al. (2011). Structure 19(4):566-576.
4. Uversky VN (2009). The Protein Journal 28(7-8):305-325.
5. Jensen MR et al. (2010). Journal of the American Chemical Society
132(4):1270-1272.
6. Salmon Lc, et al. (2010) NMR Characterization of Long-Range Order in
Intrinsically Disordered Proteins. Journal of the American Chemical Society
132(24):8407-8418.
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Targeting Protein Misfolding(Islet Amyloid Polypeptide) using Helical
Mimetics
Sunil Kumar, Diana E. Schlamadinger, Andrew Miranker.
Yale University, New Haven, CT, USA.
Islet amyloid polypeptide (IAPP) is a 37-residue peptide hormone, which is
co-secreted with insulin by the b-cells of the endocrine pancreas. IAPP belongs
to a class of aggregation prone proteins, which includes Ab from Alzheimer’s,in which a wild-type protein precursor irreversibly forms/folds into b-sheet rich
fibrillar amyloid plaques. The aggregation of IAPP results in b-cell dysfunction
that leads to type 2 diabetes. Even though the mechanism behind the cell
toxicity is poorly understood, recent reports suggest that the membrane bound
intermediate oligomeric helical states mediate the cell toxicity and not the
aggregated state.
The overall hypothesis pursued in this study is that small-molecule, structure
based targeting of pre-amyloidogenic states will enable elucidation of the
mechanism of IAPP induced cytotoxicity. These efforts provide novel descrip-
tions of IAPP oligomerization at a molecular level, and provide a rational de-
sign path for the creation of lead compounds that ameliorate b-cell death.
Importantly, we are targetting the a-helical intermediates of IAPP by synthesiz-
ing small molecules designed to mimic the surface presentation of one edge of
an a-helix. Interaction studies between helical mimetic compounds and IAPP
will be presented.
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Three-Pronged Computational Approach to Predict Regulatory Ligands
of Cytochrome C Oxidase
Leann Buhrow, Carrie Hiser, Jeffrey R. Van Voorst,
Shelagh Ferguson-Miller, Leslie A. Kuhn.
Michigan State University, East Lansing, MI, USA.
A crystallographically-defined bile acid binding site has been identified in the
membrane domain of mammalian and Rhodobacter sphaeroides cytochrome
c oxidase (RsCcO). Previous studies indicate that several amphipathic mole-
cules including detergents, fatty acids, and porphyrins also bind to this site
and alter K-pathway dependent electron transfer between heme cofactors.
Current studies are aimed at identifying physiological ligands specific for
this site using several computational approaches, including: ROCS comparison
of ligand shape and electrostatics, SimSite3D analysis of similarity to ligand
binding sites in the Protein Data Bank, and SLIDE screening of small molecules
by docking. Together, the results suggest several steroids, adenine and guanine
deoxyribonucleotides, NADþ, FAD, and phosphorylated isoprenes as top can-
didates for interacting at this site, along with bile acids and porphyrins.
Deoxyriboside-containing ligands are all predicted to bind to this site by mak-
ing key protein contacts with Pro315, His96, Ser98, Glu101, and Thr105, as
seen in bile acid binding. Invitro oxygen consumption assays support some
of these predicted interactions. In the wildtype RsCcO, the steroidal antibiotic
fusidic acid and T3 thyroid hormone inhibit the enzyme, while in the RsCcO
E101A mutant, fusidic acid has a stimulatory effect and an ATP analog and
T3 thyroid hormone inhibit activity. Cytochrome c titration assays indicate
that nucleotides also inhibit the E101A mutant enzyme at lower cytochrome
c concentrations. The confirmed prediction of new ligands suggests that this
three-pronged computational approach may be applied to identify native
ligands in sites occupied by detergents or crystallographic additives. (supported
by NIH GM26916 to SF-M)
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Reengineering the Oligosaccharide Specificity of CVN with BP_Dock
Ashini Bolia, Brian Woodrum, Banu Ozkan, Giovanna Ghirlanda.
ASU, Tempe, AZ, USA.
Cyanovirin-N (CV-N) is a cyanobacterial lectin with potent anti-HIV activity,
mediated by binding to Man(1,2)Man with high affinity and specificity. These
sugar-binding sites are located in two quasi-symmetric domains (A and B) of
the CV-N protein. We explore the sequence space of CV-N and reengineered
CV-Nmutants with different binding affinity for the oligo-mannosides, through
integrated computational and experimental strategies. using the sequences of
two engineered CV-N,1,2 we model various CV-N mutants, and obtain these
variants in complex with di-mannose sugar with a fast and flexible docking
method called BP-Dock. BP-Dock can integrate both backbone and side chain
conformational changes in a protein through a multi-scale approach. It mimics
the nature of binding induced events by perturbation of the binding site residues
through small Brownian kicks as a first order approximation of an approaching
ligand. Then it computes the response fluctuation profile of the chains using the
perturbation response scanning method. The response fluctuation profiles are
then used to generate binding induced multiple receptor conformations of
CV-N mutants for ensemble docking. The results from docking simulation
are then validated with NMR experiments. Overall, this study helps us to
explore the sugar binding properties of CV-N mutants and provides a better
insight about the binding site of CV-N.
References:
(1) Fromme R, Katiliene Z, Fromme P, Ghirlanda G. Conformational gating of
dimannose binding to the antiviral protein cyanovirin revealed from the crystal
structure at 1.35 A resolution. Protein Sci 2008;17:939-944.
380a Tuesday, February 5, 2013(2) Matei E, Furey W, Gronenborn AM. Solution and crystal structures of
a sugar binding site mutant of cyanovirin-N: no evidence of domain swapping.
Structure 2008;16:1183-1194.
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Energetic Coupling between an Oxidizable Cysteine and the Phosphorylat-
able N-Terminus of Human Liver Pyruvate Kinase
Aron Fenton1, Todd Holyoak1, Bing Zhang2, Junpeng Deng2,
Qingling Tang1, Charulata B. Prasannan1.
1U. of Kansas Med. Center, Kansas City, KS, USA, 2Oklahoma State
University, Stillwater, OK, USA.
We previously provided data supporting that phosphorylation of Ser12 of human
liver pyruvate kinase reduces the protein’s affinity for its substrate, phosphoenol-
pyruvate (PEP), by disrupting an activating interaction between the N-terminus
and the main body of the protein. The primary supportive data were a truncation
series that demonstrated removal of the N-terminus results in the same response
as phosphorylation. In addition, the isolated non-phosphorylated N-terminal
peptide can be added to the phosphorylated protein, resulting in ‘‘allosteric’’ ac-
tivation. Therefore, the N-terminal peptide may serve as a drug lead for the goal
of activating liver pyruvate kinase to counteract hyperglycemia.
Unfortunately, currently available crystal structures do not reveal where/how
the N-terminus interacts with the main body of the protein. This is primarily
because the N-terminus is either not present or disordered in those structures.
A 1.8A˚ crystallographic structure of human liver pyruvate kinase (L-PYK) pro-
vides evidence for a sulfenic acid derivatization of Cys436 in the vicinity of the
N-terminus. The oxidized residue was further probed to demonstrate energetic
coupling with PEP binding. Mutant cycles provide evidence that the mecha-
nism for regulation by oxidation is similar/equivalent to that caused by phos-
phorylation, disruption of an activating interaction between the N-terminus
with the main body of the protein. A second protein crystal of the C436M
mutation indicates that the introduced mutation causes additional N-terminal
residues to become orered in the structure. Finally, an alanine-scan across
the N-terminus confirms that the residues that interact with methionine at the
436 position are important to N-terminal function rather than purly an artifact
of the mutation. This study has not completely characterized all N-terminal/
main body interactions, but has advanced our understanding considerably.
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Does Symmetry of Ligand Occupancy Matter to Conformational Transi-
tions of Pentameric Ligand Gated Ion Channels?
David D.Mowrey, Mary H. Cheng, Lu T. Liu, DanWillenbring, Xinghua Lu,
Troy Wymore, Yan Xu, Pei Tang.
University of Pittsburgh, Pittsburgh, PA, USA.
For a homo-pentameric ligand gated ion channel, agonist occupancy of only
two or three of the five possible binding sites has been found to produce the
maximal channel response. Does asymmetric ligand binding also apply for
channel antagonism? The anesthetic propofol inhibits the homo-pentameric
GLIC, but the crystal structure of GLIC bound symmetrically with propofol
to each of the five binding sites shows a virtually identical open channel as
the one without drug binding. We hypothesize that symmetric ligand occu-
pancy of all five binding sites may not occur under physiological conditions,
and asymmetric ligand binding facilitates channel conformational changes?
To test this hypothesis, we performed multiple simulations on multiple GLIC
systems with propofol occupying 0, 1, 2, 3, or 5 of the potential sites. We found
that systems with symmetric ligand occupancy (0 or 5 bound propofols)
showed similar channel conformation and hydration statuses. However, sys-
tems breaking the five-fold symmetry (1, 2, or 3 bound propofols) showed ac-
celerated channel dehydration, increased conformational entropy of the pore-
lining TM2 helix, and shifted tilting angles of the TM2 helix towards the
closed-channel conformation. The trajectory of the force generated by propofol
within each subunit is ellipsoidal with the primary force component tangential
to the pore. Asymmetric ligand occupancy induced an unbalanced force around
the channel, perturbed global stability, and facilitated conformational change.
Our study suggests that asymmetry induced by ligand binding plays an impor-
tant role in eliciting conformational changes related to protein function. Sup-
ported by NIH (R01GM066358, R01GM056257, R37GM049202, and
T32GM075770) as well as the NSF via TeraGrid resources.
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Enhancing Human Spermine Synthase Activity by Site DirectedMutations
Zhe Zhang1,2, Anthony Pegg3, Yoshihiko Ikeguchi4, Emil Alexov1.
1Clemson University, Clemson, SC, USA, 2University of Paris VII: Denis
Diderot, Paris, France, 3Pennsylvania State University College of Medicine,
Hershey, PA, USA, 4Josai University, Sakado, Japan.
Spermine Synthase (SMS) is an enzyme converting spermidine into spermine,
both of which are polyamines controlling normal cell growth and development.Several missense mutations in human SMS (HsSMS) are known to cause
Snyder-Robinson Syndrome (SRS) by either destabilizing the monomer/dimer
conformation or directly affecting the hydrogen bond network in the active
sites. Recently a comparison of protein sequence and crystal structure between
the HsSMS and its homologous protein Thermotoga maritima (Tm) spermidine
synthase (TmSRM) was performed. Tm is the only bacterium known to grow at
a high temperature as well as 90C, and the half-life of TmSRM is longer than
25h under this temperature. In contrast, HsSMS is much less stable than
TmSRM under the same temperature. Sequence alignment between HsSMS
and TmSRM suggests that some key residues may be essential players for
the elevate stability of TmSRM. Such key residues were identified based on var-
ious biophysical and sequence criteria and four mutations (S165D, L175E,
T178H and C206R) were selected for HsSMS. Both in silico and in vitro exper-
iments indicated that these four mutations strongly stabilize the monomer struc-
ture and dramatically improve the efficiency of SPM synthesis. The enhanced
reaction rate in the mutantHsSMS is attributed to the increase of the strength of
negative electrostatic potential, calculated with DelPhi, in the dimer cleft be-
tween HsSMS units, which presumably facilitates the substrate delivery to
the active site.
The work was supported by a grant from the Institute of General Medical Sci-
ences, National Institutes of Health, and the grant number is 1R01GM093937.
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Differential Fragment SPR (DF-SPR) for Antimalarial Drug Screening
Adelaide U.P. Hain1,2, Ju¨rgen Bosch1,2.
1Johns Hopkins University, Baltimore, MD, USA, 2Johns Hopkins Malaria
Research Institute, Baltimore, MD, USA.
Malaria has been a human health concern for centuries, particularly in
tropical and subtropical regions of the world. Nevertheless, our repertoire of
medication to treat the disease has been very limited, and emerging resistance
of the malaria parasite Plasmodium has further restricted the use of current
medications. The most recent reports indicating artemisinin resistance in
Cambodia are indeed alarming and underscore the critical importance of
exploring novel pathways for interfering with the life cycle of the malaria
parasite.
Surface plasmon resonance (SPR) has been a powerful tool to study protein
ligand interactions. We utilize this technique for small molecule screening
(~150 Da) to identify fragment molecules that are capable of binding near
a specific protein site. We have developed a method, which we termed
differential fragment SPR (DF-SPR). In the present study, we utilized our
approach to identify two small molecule fragments capable of inhibiting the
essential protein-protein interaction of the autophagic proteins Atg8 and
Atg3 from the malaria parasite Plasmodium falciparum. These fragments pro-
vide a starting point for developing larger, drug-like molecules. Furthermore,
we employed our protein-protein interaction inhibition assay to discover
additional small molecule inhibitors of a site which we found specific to
the Plasmodium parasite, but absent in the human homolog of Atg8. Small-
molecules derived from our studies may represent useful tools for further
dissecting and analyzing the autophagy pathway in Plasmodium and other
apicomplexan species.
Platform: Molecular Mechanics & Force
Spectroscopy
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Improved Peptide-Discrimination by Force-Induced Unbinding of T Cell
Receptor from Peptide-MHC
Enrico Klotzsch1, Johannes Huppa2, Gerhard J. Schu¨tz1.
1Vienna University of Technology, Vienna, Austria, 2Medical University of
Vienna, Vienna, Austria.
Cell surface receptors (CSRs) are transmembrane proteins that link the binding
of an external stimulus to an intracellular signal. One example is the T cell re-
ceptor (TCR), which specifically binds to peptides presented by MHC (pMHC)
on an antigen-presenting cell. Discrimination power of ‘‘good’’ versus ‘‘poor’’
ligands can be realized with kinetic proofreading, however, it fails when it
comes to ligands with only marginal differences in their off-rates: even if the
TCR response was a perfect step-function in time, stochastic ligand dissocia-
tion would ultimately limit the specificity. We show here that the specificity
of antigen-recognition can be massively improved by putting the TCR-
pMHC bond under load: while under no force the bond rupture probability
decays exponential with time, force-induced bond rupture leads to much
narrower probability distributions. We applied the theory originating from
AFM pulling experiments on a variety of different pMHC, and find consistently
that under a pulling rate the T cell is enabled with a means of improved ligand
discrimination.
